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OPTIMUM DESIGN OF AN IMPERFECT CORRUGATE D TOWER

SUPIIARY

The optimum design of a square tower to carry axial compressive
load is considered, including the effect of a sinusoidal
imperfection in the corrugated wall panels. Comparison is made
between the imperfection sensitivity of structure weight for
given load, and the more drastic effect of Imperfections on the

• 

~• 
strength uf the Idea ? optimum structure for given structure
weight.
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flrrROcxJcTIpN
Th effects of small imperfections on structures which

are Vulnerable to various forms of instability have been
(i) , (2) , (:5)

studied extensively recently. Most authors have been
concerned to illustrate the way in which the nominal strength
of a given structure may be eroded by imperfections. The
rate at which strength is reduced as lmperreotion magnitude
increases is characterised by the often ill—defined term
‘imperfection sensitivity’.

From the point of view of design, for which the b ade
are given and the structural dimensions are to be found , a

(*), (5), (6)
number of authors have discussed these phenomena by
illustrating how the strength of structures which are
designed without regard for imperfections , may be found to
be seriously weakened.

• This paper utilises a comparatively simple example to
show how, by acknowledging a priori the existence of
imperfections in the final structure, opt1~~a designs may

derived to achieve a given strength so that that fac tor which
is most important from the design point of view, i.e. the

• sensitivity of structure weight to imperfectiOn magni tude,
may be quantified,

~~BIGN ~ WIPIZ

The example chosen is a square toWer of width B and
— total height L, which is required to support a uniform axial

• 
• compressive forse P applied evenly over the tower cross-

section (is. Piiur. 1).
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The tower walls are made from trapezoidally corrugated

panels, which are stabilised at regular intervals 1 by

transversely rigid diaphragms of given equivalent thickness

which provide simple support at their intersections with

the wall panels.

The structure is everywhere perfectly manufactured

except in one resp.ct the panels each have an imperfection

of sinusoidal torm,of wavelength equal to the diaphragm

spacing 1. The imperfection magnitude is oharacterised by
8

the quantity ~~~~ , where is the initial imperfection
amplitude midway between diaphragms, and k is the corrugation

• local radius of gyration.

• The purpose of the analysis is to establish optl ’—
values for corrugation dimensions, tower width and diaphragm
spacing, so that total tower weight ii minimised.

Linearly elastic material behaviour is assumed
throughout.

A~~LY3XS

The principal effect of the specified imperfection

will be to reduce the axial stiffness of the panels and

consequently th. overall Euler buckling strength of the

tower .

Thus th psnsls aat be designed - to work at a load

somewhat lower than their own buckling load .

I A
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Ideal optimum dimensions for perfectly manuf~actured

trapezoidally corrugated panels are given below (refer to

figure 1 for dimensions)

t - o.s~ i[i1~~
b —

a — 0.87 b ...(l)

tm _ l.,*2:5t

e - 5 9°
where w is design end load per unit width when local

buckling coincide. with flexural buckling, and t’~ is panel

equivalent thickness.

Let the nominal strength of the panels be a factor r

greater than the given design load, so that

•1

which gives
r

t _ o . ~~kl[~~Lj

- O. 9*7IWI ‘2
• L •J

b 1O .7 kO8[1fi~]

where f — surface worfr1 ’ig stress
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The total equivalent oross-seotion area , to which the

weight of the tower is proportional , may now be written down

t B 2
A u I IBtZ +

• 

- l.5788
[c~] 

+ 
t0 B2

which is minialsed when• rt 2&1~~1 — l.1708 L—.2
~

p___
~J ... (3)

so that structural material is divided between panels and
diaphragms in the ratio 2:3.

The h it  of design variables may now be reformed to

- 

• give 1
rr~t 1

t — 0.3182

r~~~~~/2b — 0.8338 Lt0BJ 1/r rpt -i ~tm _0.1I
~
271

J_

_!_.
~~

f_ 0 .585k I_L~mT
L!0~~ ,

rrp~~~ ‘3
A 2.5626I_r~.j

.I3
Note ~ha.t corrugation dimension b is independent of

4 load intensity and Young. modulus.
The overall stabil ity of the tower must now be

considered.

If the top of the tower is free and the base fixed,
• provided loading is conservative the buckling load is given
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.1P kL ...(5)
where I — second moment of area — ~~ titB’
and E3

~ — effective axial modulus of imperfect panels given by

L ~~ J
B 

(
~~~

)
2 [ ] ~3

Pg — panel Euler buckling load

p — panel applied load, so that — r.

(
~ 

is defined above) 
-

• Equation (5) may now be solved for B, the tower width

which ensures that the tower has adequate overall buckling

strength, giving

B - 1.l2k8 ~~~~
-) + (i - 

~)‘~~rL~2i~• L ( i _ i) ’ J L..E~oJr

It may be noted from (
~

) that equivalent cross section
area is proportional to B, ~so that from (7), tower weight
will be minimised with respect to panel reserve factor r

when the quantity

(i~~fl~
,

is a min i mum.
• In order to proceed further, it is convenient to write

s — i- r

a



50 that

R —  S

( l — z ) ’~
which is minimised when

2
(Oo\ *z*
‘ri — 

9 - liz
• 

~
• Note that for

0
•— 0

0< z < 9 /ll

1<r<1h/2

The complete design may now be specified as follows. 
-

rL6t 2p~1~A — 2.882*

B—l.l2*8~~~)~~~L E t• 0

r ~~~f — 0.520J~ ‘ILL .t J
1rL6t ~g1~t _ l 3 1 6 9 11 L__ *_J

rL’t~P1~H • b_0.88 143 Nb L__12_ J  •

t — 0.3182

- O.*~~l

The I functions contain completely the effects of

imperfections sad are given below
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• l/~ 1/
3p IA -[9:~~~Z I

- L 1~~~si 1:3] 
2,~

— _ r~~~— i i z 1 3_f I 1/ I
L9(1 — z) J • ...(1l)

• 7/, 1/~
1~ _[9~

1_
~!~ ]

I-

1

~ L ’ 5  •

~~ “L~: 
2/~~~ 11,

9 liz)

• 0
Note that when~~~~— 0 , r — i , z — 0  and a h h i = 1 .

These equation, are shown plotted in figures 2 and 3
as functions of imperfection magnitude.

Th effect of imperfections on the strength or the

tower for given tower weight may be deduced from the first

of equations (10), which gives

—[k]
9’
~ 

_~~~q _ f l~
j 1

~3’5



— 9 —

where P0 — strength of perfect structure

P — strength of imperfect structure of same weight.

This is plotted in figure i~, which shows how strength

for given structure weight appears to be more ‘sensitive’ to

imperfection magnitude , than structure weight for given

• • 
strength.

• 
• CONCLUSIONS

An analysis has been presented which gives optimum

dimensions for a square tower with corrugated walls loaded

in axial compression . The wall panels are imperfect , and

it is shown that structure weight for a given load is

thereby somewhat increased . When structure weight is fixed

at a value corresponding to the perfect structure, the

effect of imperfections on tower strength is found to be

very significant.

~•

I
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Figure *. Imperfection effect on tower strength.
P’

9
- -__


